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Abstract: Seedlings of mung bean (Vigna radiata L. Wilczek) cv. T-44 grown on a sand culture were exposed to cadmium
(Cd) (100 μM) on day 10 of growth. These seedlings were subsequently sprayed with deionized water (control) or 4chloroindole-3-acetic acid (4-Cl-IAA) (10-6 M) on day 15 and were sampled 30 days after sowing to assess growth and
metabolite content. Growth (length, and fresh and dry mass of roots and shoots) and the level of metabolites (chlorophyll,
nitrogen, phosphorus, total sugar, and soluble protein) in the leaves significantly decrease in response to Cd stress;
however, the 4-Cl-IAA (10-6 M) treatment, both in the absence and presence of Cd, significantly increased the parameters
studied. The response generated in the plants grown under stress-free conditions was more prominent, as compared in
those exposed to Cd.
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Kadmiyum stresi altında Mung (Çin Yaban Fasulyesi) Fasulyesi’nin bazı büyüme
parametreleri üzerine 4-kloroindol-3-asetik asidin etkileri
Özet: Kum kültüründe yetişen T-44 kültürel varyete ait Mung Fasulyesi fideleri, 10 günlük büyüme evresinde kadmiyuma
(100 μM) maruz bırakıldı. Sonra bu fideler, değişik metabolitlerin içeriklerini ve büyümeyi değerlendirmek için, ekim
-6
işleminden sonra 30 veya 15 gün süren evrelerde 4-kloroindol-3-asetik asit (4-Cl-IAA) (10 M) veya deiyonize su
(kontrol) ile muamele edildi. Kadmiyum(Cd) stresine karşı, yapraklarda büyüme (Uzunluk, kök ve gövdenin yaş ve kuru
kütlesi) ve metabolitlerin seviyesi (Klorofil, nitrojen, fosfor, total şeker ve çözünür protein) önemli ölçüde bir azalma
gösterdi. Bununla birlikte, 4-Cl-IAA (10-6 M) muamelesi, kadmiyum varlığında veya yokluğunda, her iki durumda
çalışılan parametreleri önemli ölçüde yükseltti.
Anahtar sözcükler: Kloroindol, kadmiyum, klorofil, büyüme, nitrojen, fosfor, çözünür protein, Vigna radiata

Introduction
Soil contamination with heavy metals is becoming
a major problem worldwide, leading to losses in

agricultural productivity and hazardous effects as they
enter the food chain. Nonetheless, their availability to
plants via soil is determined by natural processes,
9
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especially lithogenic and pedogenic, as well as by
anthropogenic factors. Heavy metals that have a direct
impact on plants include Fe, Cu, Mn, Co, Ni, Cd, Pb,
and Cr. Among them, Cd is extremely toxic, to both
plants and animals (1). Symptoms of toxicity observed
in plants in the presence of excessive quantities of
metals in general, and Cd in particular, may be due
to a wide range of interactions at the cellular level (2).
Cd exerts its toxic effect by damaging cell membranes
and inactivating enzymes by interfering with the
sulfhydryl (-SH) groups of soluble proteins or
disrupting their structure (3). Other effects of Cd
include growth retardation, inhibition of
photosynthesis, altered stomatal function and water
relations, efflux of ions, and generation of free radicals
(1).
A search for other chemicals with auxin-like
activity in plants resulted in the identification of some
other naturally occurring auxins. These include
indole-3-butyric acid, phenyl acetic acid, and 4chloroindole-3-acetic acid (4-Cl-IAA) (4). 4-Cl-IAA
occurs in plants that belong to the family Fabaceae (5)
and in the seeds of Pinus sylvestris (6). The strong
auxin-like activity of this chloro-substituted auxin has
been demonstrated in a number of bioassays (5,7,8).
It is reported to stimulate rooting and ethylene
production in leafy pea cuttings (9). It favors seed
germination under stress-free conditions (10), as well
as under stress conditions (11) and photosynthesis
(12).
The present study aimed to assess the role of 4-ClIAA in plants under Cd stress and to explore remedial
measures to counter Cd toxicity.
Materials and methods
Seeds of mung bean (Vigna radiata L. Wilczek) cv.
T-44 were obtained from National Seed Corporation,
Ltd., New Delhi. The healthy seeds were surface
sterilized with 5% hypochlorite solution, followed by
repeated washing with running tap water, and then
with double distilled water (DDW) 3 times. The
surface sterilized seeds were sown in sterilized sand
moistened with DDW, which was repeatedly washed
prior to transferring to plastic pots (10 cm in
diameter). The seedlings were supplied with nutrient
solution daily, from day 3 of growth onwards. Then 7
10

days after sowing (DAS) the seedlings were treated
with Cd (0 or 100 μM) and nutrient solution. These
seedlings were subsequently sprayed 15 days after
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sowing with DDW (control) or 10 M of 4-Cl-IAA.
The concentrations of Cd and 4-Cl-IAA were selected
on the basis of our earlier findings (11). The seedlings
were grown in a plant growth chamber under
controlled environmental conditions. The day/night
temperature, humidity, and photoperiod were
maintained at 25/20 °C, 75%, and 12 h, respectively.
The plants were sampled 15 days after foliar spray
treatment (30 days after sowing) to assess the various
parameters.
The plants were gently removed from their pots
and their roots were dipped in a bucket filled with
water to remove adhering sand particles. Root and
shoot length were measured using a meter scale,
followed by separating and subsequently weighing
them to record their fresh weights. The roots and
shoots were then transferred to an oven set to 80 °C
for 48 h, and then were weighed to determine their
dry mass.
Chlorophyll in the intact leaves was measured
using a SPAD chlorophyll meter (SPAD, Konica
Minolta Sensing, Inc, Japan). Nitrogen and
phosphorus were extracted by digesting dried leaf
material with H2SO4. Nitrogen and phosphorus
content
in
the
aliquot
was
estimated
spectrophotometrically (Spectronic 20D, Milton Roy,
USA) at 525 and 620 nm, following the methods of
Lindner (13), and Fiske and Subba Row (14),
respectively. Total sugar was extracted using H2SO4
(15) and was estimated according to Dubois et al. (16).
Total soluble protein was extracted with
trichloroacetic acid and the content was estimated
using Folin phenol reagent, according to Lowry et al.
(17).
The data were obtained in triplicate and were
subjected to statistical analysis using SPSS. The
significance of the treatments was tested at the 5%
level and the standard error of the replicates was also
calculated.
Results
The treatment significantly affected all the growth
characteristics studied (Table 1). The presence of
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Table 1.

The effect of 4-Cl-IAA (10-6 M) on Cd (100 μM)-induced changes in shoot and root length (cm), and fresh and dry mass (g)
per plant in 30-day-old Vigna radiata plants.

Treatment

Control
4-Cl-IAA
Cd
Cd + 4-Cl-IAA
LSD at 5%

Shoot
length

Root
length

Shoot
fresh mass

Root
fresh mass

Shoot dry
mass

Root
dry mass

11.80 ± 0.53
19.03 ± 0.87
8.25 ± 0.46
14.43 ± 0.69
1.5

12.2 ± 0.44
25.8 ± 1.06
7.5 ± 0.35
20.3 ± 0.89
2.3

0.200 ± 0.84
0.289 ± 1.05
0.115 ± 0.72
0.153 ± 0.80
0.051

0.050 ± 0.008
0.083 ± 0.010
0.023 ± 0.004
0.034 ± 0.006
0.006

0.53 ± 0.43
0.71 ± 0.31
0.34 ± 0.15
0.46 ± 0.28
0.08

0.012 ± 0.006
0.023 ± 0.005
0.010 ± 0.001
0.016 ± 0.005
0.002

cadmium in the nutrient medium was deleterious to
plant growth, decreasing shoot length, root length,
fresh mass of shoots and roots, and dry mass of shoots
and roots to levels 30.0%, 38.5%, 42.5%, 54.0%, 35.8%,
and 16.6%, below those of the control, respectively.
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Nevertheless, 4-Cl-IAA (10 M) alone significantly
increased all of the above parameters. The negative
effects of cadmium were also neutralized by the
hormone, resulting in values comparable with those of
the control.
In the absence of cadmium stress, the foliar spray
-6
with 4-Cl-IAA (10 M) significantly increased SPAD
chlorophyll values (Table 2). Moreover, the plants
treated with cadmium alone had the least SPAD
chlorophyll; however, the follow-up treatment of these
stressed plants with 4-Cl-IAA increased the level of
SPAD chlorophyll, to a limited extent.
It is also evident from Table 2 that the Cd
treatment caused a decrease in both nitrogen and
phosphorus content in the leaves; however, 4-Cl-IAA
treatment, even in the presence of Cd, increased both
of these parameters. In the case of nitrogen the values
were very close to those of the controls, but
phosphorus content was still less than that of the
controls.

The level of soluble protein and total sugar in the
leaves followed a pattern similar to that of the other
parameters (Table 2). Plants treated with cadmium
(100 μM) and nutrient medium had soluble protein
and total sugar content below that of the controls. The
-6
use of 4-Cl-IAA (10 M) together with Cd improved
the values of both of these parameters. This combined
treatment increased the values to a level comparable
with that of the control treatment.
Discussion
In the present study the exposure of mung bean
(Vigna radiata L. Wilczek) plants to Cd significantly
retarded plant growth due to inhibited cellular
expansion and elongation (1). In cells Cd becomes
associated with the cell wall and middle lamellae,
which increases the cross linking of pectins and
results in inhibition of cell growth (18).
Cd is also reported to inhibit the synthesis of δaminolevulinic acid and the protochlorophyllide
reductase complex (19), key steps in chlorophyll
synthesis. This could have resulted in a decrease in the
level of SPAD chlorophyll (Table 2). Earlier studies
also reported a decrease in the level of chlorophyll in

Table 2. The effect of 4-Cl-IAA (10-6 M) on Cd (100 μM)-induced changes in chlorophyll, leaf nitrogen and phosphorus content (%),
and leaf carbohydrate and protein content (%) in 30-day-old Vigna radiata plants.
Treatment
Control
4-Cl-IAA
Cd
Cd + 4-Cl-IAA
LSD at 5%

SPAD chlorophyll

Nitrogen content

Phosphorus content

Total sugar

Soluble protein content

25.4 ± 1.06
28.3 ± 1.95
19.6 ± 0.85
20.3 ± 2.13
2.8

3.78 ± 0.26
4.30 ± 0.31
3.45 ± 0.20
2.61 ± 0.07
0.54

0.20 ± 0.10
0.26 ± 0.14
0.12 ± 0.002
0.14 ± 0.005
0.05

7.57 ± 0.027
11.15 ± 0.036
8.37 ± 0.022
10.48 ± 0.032
1.66

10.24 ± 0.087
13.13 ± 2.25
9.81 ± 0.09
11.28 ± 0.82
1.73
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sunflower (20) and barley (21); however, in the
present study 4-Cl-IAA increased the level of SPAD
chlorophyll in mung plants subjected to Cd stress
(Table 2).
Leaf nitrogen (N) and phosphorus (P) content in
plants treated with Cd was lower than in the control
plants (Table 2). The level of N in plants is regulated
by the coordinative action of a number of enzymes,
including nitrogenase, nitrate reductase, nitrite
reductase, glutamine synthetase, and glutamate
synthase (22). The activity of all these enzymes is
inhibited by the presence of Cd (23,24). In addition,
Cd stress also induces alterations in membrane
permeability and ATPase activity (25), restricting the
uptake of mineral nutrients by roots (26). As such, a
decrease in both N and P content was observed (Table
2). The level of other nutrients, namely potassium,
calcium, and manganese, exhibited a similar pattern
in response to Cd stress (27).
Plant hormones, such as IAA and IBA (28), 4-ClIAA (12), and kinetin (29) increased the activity of
nitrate reductase and nitrate uptake (30). 4-Cl-IAA
also modifies membrane permeability (31), which, in
the present study, might have facilitated the uptake of
N and P, resulting in the elevation of their levels, even
in the plants subjected to Cd stress (Table 2).

anhydrase (1), and consequently decreases the net
photosynthesis rate (26) and total sugar level (Table
2). A decrease in soluble and insoluble saccharides
content in Cd-stressed sun flower has been previously
observed (20).
As auxin is involved in the process of transcription
and/or translation, it favors an increase in soluble
protein content, which may be an expression of
elevated nitrogen (Table 2). Additional proof of the
role of auxins comes from the increase in the activity
of various enzymes (33), which is quite prominent in
cases of 4-CI-IAA treatment (Table 2). Moreover, the
damaging effect of Cd (Table 2) is also partly
overcome by 4-Cl-IAA. The increase in total sugar
content (Table 2) observed in the present study was
the direct outcome of the improved rate of
photosynthesis, which could have elevated the level of
total sugars (12) in the plants sprayed with 4-Cl-IAA.
It may be deduced from the present study’s results
that Cd stress inhibited all the metabolic and growth
parameters studied; however, subsequent treatment
with 4-Cl-IAA countered the toxicity generated by
Cd, although to a limited extent. Therefore, it is
proposed that 4-Cl-IAA might play an important role
in countering the effects of Cd stress.

The toxic effect of Cd on plants is expressed in the
form of the inhibition of the activity of various
enzymes involved in metabolism (24), which
consequently lowers the level of the amino acid pool
(32). This is one of the possible reasons for the
observed decrease in soluble protein content in the
Cd-treated plants in the present study (Table 2). The
presence of Cd results in stomatal closure and thus
alters the activity of the enzymes involved in
photosynthesis, including rubisco and carbonic
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